Within the last 3 years, 16 cats with ascites and diffuse peritonitis were received at our pathology laboratory. The disease was similar in all the cats and apparently represents a previously undescribed entity. Although the cause is unknown, we have reproduced the disease experimentally in germ-free and conventional cats. The purpose of this report is to describe the naturally occurring disease and our attempts to demonstrate an etiologic agent.
anaerobically in Brcwer's jars at 55, 37 and 22°C. From 4 untreated cats, liver spleen, kidney, lung, and ascitic or pleuritic fluid were inoculated separately into each medium. Blood agar alone was inoculated with liver, spleen, ascitic fluid, and lung from 7 cats and mycoplasma agar alone from the tissues of a 12th cat. Undiluted abdominal or thoracic fluid (0.1 ml) from 4 cats was inoculated into the yolk sacs of 7 day-old embryonating hen's eggs. The yolk sacs were harvested on the 11th post-inoculation day and smears from each yolk sac stained by Macchiavello's method.
Primary feline and monkey kidney, HeLa, human amnion, and human embryonic lung cell cultures were also used in the isolation studies. Confluent cel: monolayers in 100 ml prescription bottles and Leighton tubes were inoculated with 1.0 and 0.2 ml amounts respectively of undiluted and lo-' samples of abdominal o r thoracic fluid. The monolayers were exposed for 30 minutes at 37°C. ' The maintenance medium consisted of 0.5 yo lactalbumin hydrolysate in Hank's balanced salt solution and 3.0% hypogamma calf scrum. N o antibiotics were used. Cover slips from Lcighton tubes were stained with May-Grunwald-Giemsa stain at intervals throughout the study. Cultures werc harvested 3 to 14 days after inoculation. Two subpassagcs of each inoculum were made in feline and monkey cell cultures. Nine germ-frecs and 5 conventional cats were inoculatcd intraperitoneally with unfiltered, undiluted ascitic fluid from 3 cats with the naturally occurring disease. Liver, spleen, ascitic fluid, and lung from thc cxperiinental animals were inoculated into culture media (blood, chocolate, mycoplasma, LowensteinJensen's and Sabouraiid's agars and thioglycollate broth), primary feline and monkey kidney cell cultures, and yolk sacs u s i n g the same techniques as were used for the naturally occurring cases.
Results

Clinical Disease
Fourteen of the 16 cats with naturally occurring infectious peritonitis were from Ohio and 2 from Wisconsin. The disease occurred in 10 relatively isolated house cats and in 6 cats from catteries. Eleven of 14 animals (79%) were 2 years of age or younger. (Table I ). The breeds represented were Siamese (56O/,), Domestic Shorthairs (31 %)) and Persian (13%)). Thirteen of 16 cats (81%) were males. For comparison, the breed, age and sex incidence of our necropsy population during the past 3 years was: cats 2 years of age or younger-61yo;
Siamese-1 1 yo ; Domestic Shorthairs-80yo ; Persian-4yo ; and males-62 %, .
The predominant clinical signs included a persistent fever (102.5 to 106°F) and ascites with gradual anorexia, depression, and weight loss (Table 11) . Clinical signs occasionally observed included vomiting, diarrhea, icterus, sneezing, coughing, and pleural effusion with marlted dyspnea. Recurrence of ascites following abdominal paracentesis and the aspiration of fluid was recorded in 5 cats. The course of the disease was progressive in all 16 animals. Ten died naturally and 6 cats were severely depressed or moribund prior to necropsy.
Nine of the cats were treated during the course of the illness. Corticosteroids, chloramphenicol, penicillin, streptomycin, tetracycline, and clilortetracycline were generally ineffective in altering the course of the disease. An occasional cat appeared to respond favorably for a short time to antibiotic therapy and intensive fluid therapy but then relapsed while on medication. 
Clinical Pathology
Hemograms were performed on 6 cats (Table 111 ). Four cats were anemic and 2 had hemoglobin values and packed cell volumes in the lower limits of normal. There was moderate leucocytosis, absolute neutrophilia, and absolute lympliopenia in 3 cats and marked leucopenia accompanied by depression of myeloid and erythroid elements in 1 cat (No. 6). Studies of paraffin embedded bone marrow sections revealed hyperplasia of myeloid cells in 9 cats including those with Ieucocytosis.
Hemobartonella felis were demonstrated in Field's stained blood smears from only 1 of the 6 cats. R negative Sabin-Feldman serological test for toxoplasmosis was recorded for 1 cat (No. 16).
Gross Lesions
All 16 cats had severe peritonitis characterized by excessive abdominal fluid and the deposition of granular gray-white exudate on the abdominal viscera. As much as 1 liter of exudate was removed from the abdominal cavity at necropsy (Table IV) . Exudate had been removed by paracentesis from 2 cats (Nos. 11 and 13) 30 days and 10 days respectively prior to necropsy. In each cat the yellow to gray viscid fluid was usually transparent, but occasionally it contained tiny flakes which gave it a granular appearance. The fluid from all the cats partially clotted on exposure to air. The exudate from cat No. 14 contained 6.6 gr of protein per 100 ml of fluid. Two cats had excessive pleural fluid but none excessive pericardial or synovial fluids.
The visceral and parietal peritoneum were intermittently covered with a layer of gray fibrinous exudate (Fig. 1) . The exudate was thickest on the serosa of the liver (Fig. 2) or spleen. Extension of the peritonitis into the parenchyma of the liver or liidney was evident in 4 cats. In 6 cats there were gray, sharply defined, serosal elevations, 0.5 to 2.0 mm in diameter, on the omenturn, mesentery, and viscera. The elevations were caused by plaques of exudate and severe subjacent inflammation. Discrete white foci of necrosis, 0.5 to 1.0 mm in diameter, were scattered throughout the liver in 5 cats. In 2 cats fibrinous adhesions were found between the spleen and parietal peritoneum and between loops of small intestine.
Clear, yellow-green, thoracic fluid was present in 2 cats which had a fibrinous and a granulomatous pleuritis respectively. A fibrinous and a granulomatous pleuritis were also observed in 2 other cats without increased thoracic fluid. Hypostatic congestion was evident in the dependent portions of the lung in all animals which died naturally.
Histopathology
Cell blocks of centrifuged abdominal fluid (Fig. 3 ) contained fibrin and numerous neutrophils, fewer macrophages and hypertrophic mesothelial cells, and infrequent lymphocytes and erythrocytes. No microorganisms were demonstrated.
Abdominal viscera from a cat with infectious peritonitis. 'I'he serosa of the liver and gastrointestinal tract is covered by a fibrinous exudate. 'The omenturn (arrow) is opaque and greatly thicltencd and the abdominal cavity is filled with exudate. Extensive deposition of fibrinous exudate on the serosa of liver. Note the diffuse distribution of the exudate.
A layer of peritoneal exudate, composed predominantly of iibrin, was intermittently distributed on the visceral peritoneum (Fig. 4) in all cats and on the parietal peritoneum in 8 cats. Elevated plaques of exudate were also present on the omentum, mesentery and viscera in 6 cats. The thickness of the exudate ranged from 0.05 to 1.0 mm. In most instances it was clearly delineated from the subjacent parenchymal tissues by dilated subserosal capillaries and remnants of peritoneum. In the exudate there were focal accumulations of proteinic and nuclear debris (Fig. 5 ) and necrobiotic neutrophils with a marginal zone of histiocytes and lymphocytes. IHistiocytes, neutrophils, lymphocytes, and plasma cells were sparsely scattered between these foci, the predominant cell type varying from cat to cat and from organ to organ. Occasionally neocapillaries and fibroblasts were observed in the exudate. Hyperplasia of the mesothelium was consistently present and especially prominent on the spleen. Bacteria (streptococcus, type G) were demonstrated within the peritoneal exudate of only 1 cat.
In addition to the exudate on the surface, the most consistent findings in the liver were subcapsular infiltrations (2 to 3 cells thick) of plasma cells and lymphocytes and multiple subcapsular foci of hepatic cell necrosis. The necrotic foci extended (0.1 to 0.4 mm) into the liver parenchyma and contained predominantly plasma cells (Fig. 6) , lymphocytes, and histiocytes. A mild Feriportal infiltration of plasma cells and lymphocytes was frequently present in widely scattered portal triads throughout the parenchyma. Occasionally mild bile duct hyperplasia, histiocytic proliferation, and peripheral necrosis accom- 
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w O L F E / C ' r R I E S E M E R panied the infiltration of plasma cells and lymphocytes. In 5 cats scattered foci of hepatic necrosis and hydropic degeneration, 0.1 to 1.0 mm in diameter, were distributed both periportally and randomly throughout the livers. Residual hepatic cell nuclei, swollen Kupffer cells and a few neutrophils were present within the foci of coagulation necrosis. In 1 cat focal suppurative hepatitis and pericholangitis were observed surrounding the hepatic bile duct. The peritonitis had evidently extended into the liver parenchyma along the bile duct. The subcapsular lesions in the spleen were less frequent and mild in comparison to the liver. A mild neutrophilic response and reticuloendothelial cell proliferation, however, were sometimes observed when the capsule was covered by a thick layer of exudate. Subserosal reactions which were observed more often than subcapsular lesions were composed of congested capillaries, edema, and a few histiocytes, neutrophils, lymphocytes, and plasma cells. Lymphoid depletion, hemosiderosis, or plasmacytosis occurred in 9 cats but, in general, lesions in the parenchyma were mild or absent. There were multiple focal granulomas wirhin the parenchyma in 1 cat, but no microorganisms were demonstrated.
In the gastrointestinal tract a diffuse or patchy subserosal inflammation was more extensive than a similar lesion observed in the spleen. The inflammation extended into the outer layer or both layers of smooth muscle in 12 cats resulting in scattered areas of coagulation necrosis (Fig. 4) . Neutrophils and histiocytes were observed within the areas of muscle necrosis. Perivascular plasma cell and lymphocyte accumulations were usually present between the longitudinal and circular muscle layers. Plaques of exudate with subjacent subserosal inflammatory reactions including proliferation of fibroblasts were responsible for the sharply defined serosal elevations described grossly. 
In 1 cat, dense foci of plasma cells and histiocytes were found in the submucosa of the small and large intestines. Mild mucoid enteritis was present in 2 cats, but there was no evidence of concurrent feline infectious enteritis.
R subserosal inflammation similar to that in the spleen was also present in the pancreas, urinary bladder, diaphragm, and parietal peritoneum. In the pancreas there was extension into the parenchyma with coagulation necrosis of peripherally located acini in all cats. The reaction in the urinary bladder was mild with only minimal extension into the subjacent muscle layers. In the diaphragm, plasma cells were consistently numerous in the subserosa (Fig. 7) and were frequently observed between muscle bundles. Myodegeneration, manifested by pyltnotic nuclei, granular acidophilic sarcoplasm and loss of striations, was present in 7 cats. In 2 cats foci of mineralization were demonstrated within the diaphragm but in no other tissues.
In the omentum and mesentery, multiple foci of necrosis (Fig. 8 ) were frequently present, particularly subjacent to the serosa. They were composed of necrotic neutrophils and nuclear debris surrounded by histiocytes and a few plasma cells and lymphocytes. The remainder of the omentum and mesentery contained congested capillaries, a great deal of edema fluid, and diffusely distributed neutrophils, histiocytes, plasma cells, and lymphocytes. The plasma cells and lymphocytes were particularly prominent in perivascular locations.
Severe pyogranulomatous nephritis, the result of extension through the renal capsule (Fig. 9) , was found concomitantly with an interstitial plasma cell and lymphocyte reaction in 3 cats. The multiple narrow, wedge-shaped lesions were 0.5 to 2.0 mm in diameter at the serosal surface. In 2 cats these lesions extended completely through the cortex into the medulla. Mild focal interstitial lymphocytic nephritis alone was present in 5 cats.
In all 10 male cats, a fibrinopurulent (Fig. lo) , or pyogranulomatous periorchitis was found. Extension of the periorchitis through the tunica albuginea in 1 cat produced a pyogranulomatous orchitis. One cat had hypoplastic testes. There was no lesion consistently present in the mesenteric lymph nodes. The inflammatory reaction in the mesentery occasionally penetrated the capsules of the nodes with subsequent extension into the parenchyma. Peripheral foci of coagulation necrosis and pyogranulomatous lymphadenitis were found in 3 cats. Occasionally mild lymphoid depletion or hyperplasia, congestion and edema, hemosiderosis, erythrophagia or cortical reticuloendothelial cell hyperplasia were present. Lymphoid depletion and lymphoid h yperplasia, either generalized or focal, were sometimes observed in different mesenteric lymph nodes within the same animal.
Mild interstitial pneumonia, fibrinopurulent pneumonia, congestion and edema, or focal hemorrhage were found in the lungs of 9 cats. A mild focal or diffuse pleuritis, either granulomatous or fibrinopurulent, was present in 4 of these animals. Numerous gramnegative bacteria were scattered throughout the lung parenchyma in 2 cats with fibrinopurulent pneumonia and focal granulomatous pleuritis respectively. Lesions in the thorax were more extensive than those in the abdomen in only 2 cats. The principal lesions in these 2 cats were a fibrinopurulent pleuritis in one and a severe fibrinous pleuritis in the other. The subpleural alveolar septa were thickened because of hypertrophy and hyperplasia of the alveolar lining cells. Neutrophils and desquamated alveolar lining cells filled the subpleural alveoli.
Four cats had meningitis and 1 animal had concomitant chorioiditis. The meningitis, severe in 2 cats, was granulomatous, pyogranulomatous, or suppurative. Focal coagulation necrosis and early mineralization of myocardial fibers, suppurative rhinitis, suppurative sialadenitis, non-suppurative conjunctivitis, and non-suppurative tliyroiditis were each present in 1 cat. None of the cats had arthritis. Focal mineralization of the adrenal cortices (similar to that observed in asymptomatic cats)3 was found in 4 cats.
Microbiology
In 4 untreated cats no microorganisms were demonstrated in wet mounts of abdominal or thoracic fluid or were isolated in synthetic media, tissue cultures, and yolk sacs inoculated with liver, spleen, kidney, lung, and abdominal or thoracic fluid. From each of 4 other cats that died naturally a different bacterium was isolated on blood agar from liver, spleen, or ascitic fluid. The 4 isolates were a nonhemolytic staphylococcus, hemolytic streptococcus, enterococcus, and a coliform. The streptococcus was serologically identified (precipitin test) as type G. A similar disease could not be reproduced by the intraperitoneal inoculation of this organism into experimental cats. In tissue sections from the naturally occurring case (No. 10) streptococci were numerous within the peritoneal exudate. The other 3 isolates were considered as secondary contaminants. These bacteria were sparse in tissue sections and were randomly distributed on the surface of the peritoneal exudate and not within the lesion.
Experimental Disease
An identical disease was experimentally produced in 6 of 9 germfree cats and 3 of 5 conventional cats. The predominant clinical signs were persistent fever (102.4 to 105"F), partial anorexia, weight loss, and ascites. The initial temperature rise occurred on the 3rd to the 11th post inoculation day (p.i.d.). The course of the disease was progressive in 3 cats, and they died on the lbth, 21st, and 28th p.i.d. Six of the 9 cats were slightly depressed prior to euthanasia on the 15th to 30th p.i.d. The lesions in all 9 cats were restricted to the abdomen. They consisted of excessive abdominal fluid (25 to 100 ml) and the deposition of fibrinous exudate on the abdominal viscera. No etiologic agent was demonstrated in the tissues examined.
Discussion
Feline infectious peritonitis was characterized clinically by fever, anorexia, weight loss, depression, ascites, anemia, neutrophilia, unresponsiveness to antibiotic therapy, and high mortality. Macroscopically, the most consistent lesions were focal or diffuse peritonitis and increased abdominal fluid. The nature of the exudate and of the subserosal inflammatory reaction probably reflected the duration of the disease. Fibrin exudation was evidently followed by infiltration of neutrophils, liistiocytes, plasma cells, and lymphocytes and by proliferation of fibroblasts.
The lesions, unlike those of any previously described disease, apparently represent a distinct entity. We have transmitted the disease and have referred to the condition descriptively as infectious peritonitis until the etiology is known.
Peritonitis in the cat has been previously reported4 as an infrequent condition, usually secondary to pyometra and perforation of the uterus. HoI,z\\~oRTI-I~,~ briefly mentioned chronic fibrinous peritonitis as a disease entity of unknown etiology in cats but transmission studies were not reported. It is possible that the disease mentioned by HOLZWOKTH and the one described in this report are identical. A chronic organizing peritonitis of the cat illustrated by SMITH and ] O N C S~ may represent a sequel of infectious peritonitis although none of the cats reported here had fibrous peritonitis.
It is remarkable that a disease with such easily recognized lesions and high mortality has not been previously reported. The only disease with which infectious peritonitis might be confused at necropsy is pyothorax in those few cats which had pleuritis. In contrast with the many, easily cultured bacteria in the putrid exudate of pyothorax, no bacteria could be demonstrated in the thoracic exudate in our cases of infectious peritonitis.
It is possible that infectious peritonitis is increasing in frequency.
We have no cases in our collection prior to 1962 and 8 of the 16 cats were necropsied in the first 6 months of 1965. The etiology of feline infectious peritonitis is as yet unknown. Our microbiological and transmission studies suggest that the cause is a small agent such as a mycoplasma or a virus.
, YtmzvaTy
Infectious peritonitis, a previously undescribcd discase entity, was studied in 16 cats. 'Thc clinical diseasc was characterized by fever, ascitcs, lack of response to therapy, and high mortality. 'The principal lesion was a diffiisc fibrinous peritonitis. The discasc was expcrimcntally produced in gcrm-free and conventional cats. Thus far, no ctiologic agcnt has been dcmonstratcd. 
